ABSTRACT Aedes aegypti (L.), the primary vector of dengue and dengue hemorrhagic fever, breeds and rests predominately inside human dwellings. With no current vaccine available, vector control remains the mainstay for dengue management and novel approaches continue to be needed to reduce virus transmission. This requires a full understanding of Ae. aegypti ecology to design effective strategies. One novel approach is the use of contact irritants at target resting sites inside homes to make the surface unacceptable and cause vectors to escape before biting. The objective of the current study was to observe indoor resting behavior patterns of female Ae. aegypti within experimental huts in response to two fabrics under consideration for insecticide treatment: cotton and polyester. Results indicate that fabric type, coverage ratio of dark to light fabric and placement conÞguration (vertical vs. horizontal) all inßuenced the resting pattern of mosquito cohorts. Findings from this study will guide evaluations of a push-pull strategy designed to exploit contact irritant behaviors and drive Ae. aegypti out of homes prefeeding.
Dengue occurs in developing countries of the tropics with an estimated 2.5 billion people residing in endemic areas (World Health Organization [WHO] 2007). Only two species of Aedes mosquitoes, Aedes aegypti (L.) and Aedes albopictus (Skuse), are considered as dengue vectors. Aedes aegypti, a day biting mosquito, is more prevalent around human dwellings and is a principal vector in urban zones (Gould et al. 1968) while Ae. albopictus, the Asian tiger mosquito, is considered a vector in more rural and suburban areas (Chan et al. 1971 , Chareonviriyaphap et al. 1999 . Controlling these two species is extremely difÞcult and presents a long-term problem for disease endemic areas. Control strategies aimed at the elimination of immature breeding sites through source reduction, requires full community participation, and often results in failure (Gubler et al. 1998 , Kongmee et al. 2004 . Arguably, the most effective method for arthropod-borne disease prevention has been through adult vector reduction using various chemical means (Roberts et al. 1997 , Jirakanjanakit et al. 2007 , Thanispong et al. 2008 ). However, with the rates of dengue and dengue hemorrhagic fever increasing in many endemic areas it is evident that novel control strategies are needed (WHO 2010) .
The direct toxic effect of chemicals on mosquitoes has been the focus of control efforts dating back to the WHO malaria eradication efforts of the 1950s (WHO 2009 ) while limited attention has been given to the beneÞts of sub-lethal chemical actions (Roberts et al. 1997 (Roberts et al. , 2000 Achee et al. 2012) . One of the best known documentations of sub-lethal actions was the behavioral studies of Anopheles mosquitoes to DDT (Kennedy 1947) . Combined, this work led to the identiÞ-cation of two different types of sub-lethal actions: contact irritancy and noncontact repellency (Kennedy 1947 , MuirheadÐThompson 1951 , Dethier et al. 1960 , Davidson 1953 , Lockwood et al. 1984 , Roberts and Andre 1994 . Contact irritancy elicits an escape response after insects make physical contact with chemical treated surfaces while noncontact or spatial repellency is differentiated from the former because of its ability to prevent vectors from entering chemically treated areas in the vapor phase, that is, without making physical tarsal contact with the treated surface (Lockwood et al. 1984; Roberts et al. 1997 Roberts et al. , 2000 .
The role of sub-lethal chemical actions in a disease prevention program is dependent on a full understanding of the ecology of the target vector to accurately measure the chemical effects on epidemiologically important mosquito behaviors. Experimental huts have been useful assays for such studies. Anopheles mosquitoes have generally been the focus of most behavioral observations using experimental huts (Smith 1965; Roberts et al. 1984; Grieco et al. 2000 Grieco et al. , 2007 Pates and Curtis 2005; Malaithong et al. 2010) because of their role in malaria transmission. In relation to the global dengue burden, however, relatively few examples exist in the literature for the evaluation of Ae. aegypti resting behavior under either laboratory or Þeld conditions (Fay 1968 , Pant and Yasuno 1970 , Perich et al. 2000 , Cooperband and Allan 2009 .
The current study represents one component in the development of a push-pull strategy for Ae. aegypti control. The overall goal of the strategy is to reduce vector densities inside homes using contact irritant and/or spatial repellent chemical actions (i.e., ÔpushÕ components) thereby reducing the probability of a vector feeding on a human host and subsequently reducing the probability of virus transmission. Two methods are being evaluated to quantify the effectiveness of the push component: 1) placing repellenttreated fabric around the interior perimeter of house openings (windows and doors) called Ôtarget repellent sitesÕ to prevent entry and 2) placing irritant-treated fabric at preferred indoor resting locations referred to as Ôtarget irritant sites,Õ or a combination of the two. For either method, we aim to make the interior house space unsuitable and are deÞning minimum effective chemical dose and surface area coverage required for efÞcacy. Both approaches (repellent or irritant) could reduce human vector contact by disrupting behavior patterns leading up to indoor feeding, especially in regards to an endophagic species like Ae. aegypti (Kroeger et al. 2006 , Lenhart et al. 2008 ). However, the success of a contact irritant push component will depend on characterizing vector resting patterns to properly target preferred sites and deter the vector from Þnding a suitable refuge before feeding is initiated. Indeed, targeting Ae. aegypti inside the home with insecticide treated materials (ITMs) has been the focus of several studies aimed at prevention and control of dengue transmission (Nam et al. 1993 , Lenhart et al. 2008 , Suwannachote et al. 2009 ).
Our objectives here were to quantify the resting patterns of female Ae. aegypti under controlled experimental conditions on two fabrics under consideration for insecticide treatment during push-pull evaluation trials. Our approach was based on the use of known Ae. aegypti visual cues (i.e., dark color and contrast) to identify an optimum treatment scheme (position and fabric type) based on observed proportions of mosquitoes resting. Resting patterns were observed in response to cotton and polyester, varying dark: light surface area coverage ratios (25, 50, and 75%) and fabric conÞguration (vertical vs. horizontal) under chemical-free conditions. Using the optimum resting scheme, we hope to maximize our contact irritant push effects when fabric is treated with chemical.
Materials and Methods
Study Site. Pu Teuy Village is located in Sai Yok District, Kanchanaburi Province, western Thailand (14Њ 17Ј N, 99Њ 11Ј E). It is Ϸ150 km northwest of Bangkok and is located in a mountainous area (420 m above sea level) surrounded by dense primary forest. The village contains Ϸ1,400 people with the primary occupation coming from agriculture. Pu Teuy was chosen as the Þeld site based on the criteria of high densities of Ae. aegypti without evidence of dengue transmission to facilitate the use of mark-release methodologies. Before beginning the study, the village was mapped using a hand-held global positioning system (GPS) (Garmin International Inc., Olathe, KS) to ensure that there were no indigenous homes within an 800 m radius buffer zone around the study area (i.e., beyond average ßight range of Ae. aegypti) (Reiter et al. 1995 , Muir and Kay 1998 , Harrington et al. 2005 .
Mosquito Test Populations. Ae. aegypti test populations originated from F2-F5 colony material collected as immature stages (larvae and pupae) from various areas throughout Pu Teuy Village and maintained in an insectary established at the Þeld site. Temperature in the Þeld insectary ranged between 25 and 28ЊC and relative humidity (RH) between 80 and 90%. The photoperiod approximated natural conditions of 12:12 (L:D). Adults were provided cotton soaked with 10% sucrose solution from time of eclosion until 24 h before evaluation in experimental huts. Before the day of testing, 3Ð5 d old nonblood fed females were grouped into three cohorts: one cohort of 50 for behavioral observation, one cohort of 25 to serve as controls to monitor indoor knockdown rates, and one cohort of 10 mosquitoes to serve as replacements because of mortality before release. All cohorts were marked using ßuorescent dusting powder (BioQuip Product, Inc., Rancho Dominguez, CA, and Shannon Luminous Materials, Inc., Santa Ana, CA) using the procedure of Achee et al. 2007 to facilitate observations. Mosquitoes were marked with a unique color for each replicate (i.e., each day).
Experimental Hut Design. Previous descriptions of the experimental hut design have been reported . One experimental hut was used for all behavioral evaluations, except in one study comparing 50% coverage of dark cotton and polyester in which two experimental huts were used for simultaneous comparisons. The dimensions, basic design and construction material of the experimental huts mimic those of the indigenous homes in Pu Teuy village. The huts are 4 m wide ϫ 5 m long ϫ 2.5 m high with three windows (0.9 m wide ϫ 0.6 m high) and one door (1 m wide ϫ 2.4 m high) onto which can be afÞxed removable window and door interception traps, respectively, used during experiments evaluating vector movement patterns. Walls are constructed of untreated wood planks with a metal frame lining the interior wall surface. The metal frame is used to po-sition chemical-free and treated fabrics inside the experimental huts and prevent chemical contamination of the wood for subsequent studies. The windows and the door of each hut were opened during trials to allow natural light to enter and maintain air exchange but were Þtted with interception traps (in closed position) to prevent mosquitoes from exiting huts.
Test Fabric and Placement. Two fabric types were used for evaluation: 100% cotton (black and white; Lampang Store, Co. Ltd, Samphanthawong, Bangkok) and 100% polyester (green and white; mesh size 24 by 20/inch, BioQuip Products, Rancho Dominguez, CA). Each fabric type was evaluated at varying surface area coverage of corresponding dark fabric (black for cotton and green for polyester) representing 25, 50, 75% L:D ratios under two placement conÞgurations (vertical and horizontal). The term ÔdarkÕ refers to the relative difference in color compared with the corresponding ÔlightÕ white color of each fabric. Although the medium olive green color of dark polyester is indeed lighter than the black color of cotton, it is darker than the white polyester of which it was positioned against during experiments.
Fabric was cut into individual panels according to L:D ratio being evaluated and were afÞxed to the metal frames positioned along the interior hut walls using magnets. All of interior walls (front, back, and two side walls) were covered by fabric. In addition, the ßoor was covered with white plastic to facilitate observation of knockdown mosquitoes. Each fabric panel was numerically labeled to facilitate data recording during observations. Under vertical conÞgu-ration, each panel was divided horizontally at the halfway point and the numbers of resting mosquitoes were recorded for each the upper and lower half of each panel (Fig. 1) . Dark fabric was positioned starting from the corners of each wall (expected target resting sites) then incrementally added toward the Resting observations of female Ae. aegypti were conducted inside experimental huts using two fabric types and three dark: light coverage ratios (25, 50, and 75%) under (A) vertical conÞguration (polyester at 25% coverage shown) and (B) horizontal conÞguration (cotton at 25% coverage shown). L:D coverage ratios of 50 and 75% were achieved by incrementally adding dark fabric along interior wall panels as indicated by the arrows. (Online Þgure in color.) center of the walls with each increasing L:D coverage level (Fig. 1A) . For horizontal conÞguration, dark fabric was positioned along the upper and lower intersections of ceiling to wall and wall to ßoor, respectively (Fig. 1B) . Dark fabric was then added in equal portions incrementally toward the center of each wall as the coverage level increased such that for 25% coverage, 12.5% of the total dark fabric was positioned at the uppermost part of the wall and 12.5% at the lowermost part.
Observation Techniques. Marked female Ae. aegypti (50) were released inside the experimental hut, Ϸ30 min before sunrise (i.e., at 05:30 hours). The number of knocked down mosquitoes from the release population (deÞned as unable to right themselves when puffed with air; Chadwick 1975) were recorded before each experiment and replaced with live specimens. The control cup containing 25 females (from the same population used for release) was placed at the inside center of the hut at the start of each experiment and was provided a water-soaked cotton pad during the course of the trial. Mortality from the control cup was recorded every hour to correct for the total number of the release test population available to rest during each observation period. Two observers entered the hut at the top of each hour and systematically recorded the number of mosquitoes resting on each wall panel from a "line of observation" (Ϸ50 cm from each wall) during a standard 3 min observation period. Flashlights were used to facilitate observations of marked specimens. Sampling initiated at 06:00 hours and continued until 18:00 hours. Temperature (ЊC) and humidity (RH%) were manually recorded each hour when observers entered the hut. A backpack aspirator was used for 15 min at the conclusion of each experiment (i.e., 18:00 hours) to remove marked mosquitoes inside the hut in preparation for the next replicate. Each treatment scheme (i.e., fabric type, L:D, and conÞguration) was conducted in four replicates (i.e. Data Analysis. Numbers of resting mosquitoes observed by hour were calculated for each fabric panel to include upper and lower portions. Resting patterns were evaluated by fabric type (cotton and polyester), color (dark and light), conÞguration (vertical and horizontal), percent dark coverage (25, 50, and 75%), and observation time (06:00 Ð18:00 hours) by full factorial designs and each pairs between or among factors were compared. Log transformation was applied to all data and tested for normality. Nonparametric MannÐ Whitney and KruskalÐWallis tests were used for analyses with one independent variable (no of resting mosquito) and four dependent variables (fabric, color, percent coverage, and conÞguration). Pearson correlation was used to examine the relationship and estimated differences between number of resting mosquitoes and the independent environmental variables of ambient temperature and relative humidity by hour of observation. Correlation coefÞcients (r) between number of mosquitoes resting on either cotton or polyester and hourly mean indoor temperature, hourly mean outdoor temperature, and hourly mean indoor humidity were based on the H 0 : r ϭ 0; H 1 : r 0, r Ͼ 0, r Ͻ 0. The discriminating level for all significance tests was set at 0.05%. All analyses were performed using the SPSS program (SPSS Inc., version 15.0, Chicago, IL).
Results
General Resting Patterns. Total mean Ae. aegypti resting observations from all trials is summarized in Table 1 . In general, a signiÞcantly higher mean number of Ae. aegypti rested on cotton material (12.8 Ϯ 0.20) as compared with polyester (3.3 Ϯ 0.2) (Z ϭ Ϫ12.14; P Ͻ 0.05). Most Ae. aegypti preferred to rest on dark material (12.9 Ϯ 0.2) rather than light (3.2 Ϯ 0.2), regardless of fabric type (Z ϭ Ϫ0.61; P Ͻ 0.05). Overall, resting patterns observed between vertical (8.5 Ϯ 0.2) and horizontal (7.7 Ϯ 0.2) conÞgurations were similar (Z ϭ Ϫ18.76; P ϭ 0.54). SigniÞcant differences existed in median numbers of Ae. aegypti observed resting among the three test coverage ratios ( 2 ϭ 64.34; df ϭ 2; P Ͻ 0.05) with greatest resting elicited using 75% (10.3 Ϯ 0.2) dark material and lowest using 25% (6.1 Ϯ 0.2) ( Table 1) .
Influence of Configuration and Upper versus Lower Preferences. Cotton. SigniÞcantly greater mean resting observations were made during cotton trials from the lower portion of wall panels (6.8 Ð18.7) as compared with upper wall portions (5.2Ð10.0) when fabric was conÞgured in vertical conÞguration (Table  2 ). This was true for all test coverage ratios evaluated. In contrast, horizontal conÞguration trials elicited greater mean number resting on upper portions of wall panels ranging from 7.9 to 16.9 as compared with lower portions 5.1Ð12.3 (Table 2) .
Polyester. On the whole, signiÞcantly greater resting observations were made on the upper portion of wall panels when using polyester material in vertical conÞguration (3.8 Ð5.3), regardless of percent coverage, as compared with observations made from the lower wall portions (1.5Ð2.2; P Ͻ 0.05; Table 2 ). Likewise, horizontal conÞguration of polyester resulted in signiÞcantly greater mean resting counts on upper wall panels (2.4 Ð2.8) versus the lower portions (0.2Ð 0.7) at all test coverages (Table 2) .
Cotton versus Polyester Texture. Simultaneous testing of black cotton and green polyester (50% L:D) (i.e., to control for dark color variation and environmental condition bias) using two experimental huts during the same trial indicated the mean number of Ae. aegypti females observed resting on black cotton (22.8 Ϯ 0.8) was approximately twice that of green polyester (12.3 Ϯ 0.8) (F ϭ 85.8; df ϭ 1; P Ͻ 0.05) and the mean number of Ae. aegypti females observed resting on white polyester (4.0 Ϯ 0.3) was approximately quadruple that of white cotton (1.1 Ϯ 0.1) (F ϭ 95.3; df ϭ 1; P Ͻ 0.05).
Influence of Time. A greater number of mosquitoes rested on wall surfaces during the early morning hour observation period (06:00 Ð 09:00 hours) 35.1% and 52% compared with late morning (09:00 Ð12:00 hours) 25.9% and 26.0%, early afternoon (12:00 Ð15:00 hours) 21.0% and 11.4% and late afternoon (15:00 Ð18:00 hours) 18.0% and 10.7% observation times for cotton and polyester trials, respectively (Fig. 2) . No signiÞ-cant differences in resting observations were found among sampling hours in cotton trials (F ϭ 1.48; df ϭ 12; P ϭ 0.13), but signiÞcant differences were indicated for polyester trials (F ϭ 16.38; df ϭ 12; P Ͻ 0.05).
Influence of Environmental Parameters. Mean temperature (indoor and outdoor), and indoor humidity during cotton trials were 22.3ЊC, 23.4ЊC, and 65.9% RH, respectively, and during polyester trials were 27.8ЊC, 29.4ЊC, and 65.6% RH, respectively. Overall, no signiÞcant correlations were found between mean hourly Ae. aegypti resting observations on cotton fabric and indoor humidity or mean difference between outdoor and indoor temperature except at time point 17 (i.e., 17:00 hours), r ϭ 0.1; P ϭ 0.013 (Fig. 2) . For polyester fabric, signiÞcant correlations were found between resting and temperature at four observation time points (9, 10, 13, and 14) (r ϭ 0.2; P ϭ 0.019, r ϭ 0.2; P ϭ 0.017, r ϭ Ϫ0.2; P Ͻ 0.01 and r ϭ 0.2; P Ͻ 0.01, respectively) (Fig. 2) . In addition, in more than half of all the observation time points for polyester trials (7/13), a signiÞcant positive correlation was noted between hourly mean indoor humidity and mean number of resting Ae. aegypti. However, trials using polyester fabric exhibited more negative correlations between indoor humidity and resting observations than results using cotton fabric. These negative associations with polyester generally occurred in the afternoon hours (time points 11Ð18) (Fig. 2) .
Discussion
The signiÞcance of Ae. aegypti as an important vector of dengue and yellow fever has led many researchers to search for novel and effective techniques to minimize the risk of virus transmission (Service 1993 . As Ae. aegypti is highly anthropophilic and anthropophagic, with reports documenting Ϸ95% of Ae. aegypti mosquitoes preferentially resting on surfaces inside homes (Pant and Yasuno 1970, Thavara et al. 2001) , exploiting the rest- (Reiter 1991 , Thavara et al. 2001 , Scoof 1967 , Nelson 1986 ). Targeting indoor resting sites with chemical irritant-treated materials through a mechanism that exploits a color-concept contrast could therefore hold the potential for disrupting dengue virus transmission (Lenhart et al. 2008) . Methods using ITMs appear to potentially control diurnallyactive Ae. aegypti mosquitoes (McCall and Kittayapong 2006) but limited research has been conducted to quantify those variables that inßuence the resting behavior of adult Ae. aegypti inside homes on these materials (Schoof 1967) . Such studies are vital in further development of strategies that require mosquitoes to contact chemical-treated surfaces for success.
In this study, we observed the resting behavior of host-seeking (i.e., nonblood fed and sugar-starved) female Ae. aegypti using a controlled experimental hut design against two fabrics under consideration for insecticide treatment. The objective was to determine optimum treatment scheme to use during push-pull trials as part of the larger research program. The goal of the overall push-pull strategy is to either prevent vectors from entering the home to begin with (i.e., repellency) or to remove them from the interior space if already indoors (i.e., irritancy). The key to preventing vectorÐ human contact indoors is to deter the vector from Þnding a suitable refuge for resting before feeding is initiated. This irritation may cause disruption in the host-seeking response (i.e., escape from indoors) and thereby reduce probability of biting.
Not surprisingly, results indicate that all test variables evaluated inßuenced the resting patterns of Ae. aegypti test populations. As expected, dark surfaces of both test fabrics (black cotton and green polyester) elicited greater resting counts compared with white counterpart surfaces. This behavior pattern was exhibited for both vertical and horizontal conÞgurations even at the 25% L:D coverage ratio for each fabric type, indicating the intensity of this behavioral response. However, the number of Ae. aegypti resting on dark cotton (black) was signiÞcantly greater than on dark polyester (green).
The reason for variations in resting response between the test fabrics was not unequivocally explained using the current experimental design but could be associated with the differences in fabric color and/or characteristics of the textile fabric itself. It should be noted that preliminary tests were conducted in the laboratory to determine potential pretreatment effects from the manufacturer. Results from standard WHO tube tests indicated no signiÞcant difference in mortality rates in mosquito cohorts between control (no fabric) and treatment (cotton or polyester fabric) conditions (data not shown). These two fabrics are rather different in Þber properties, especially moisture absorption and density (speciÞc weight) with cotton exhibiting greater moisture absorption than that of polyester (ChingÐLuan et al. 2007 ). For example, the moisture regain (a percentage of moisture present in textile material brought in to equilibrium with a standard atmosphere after partial drying, as a percentage of the moisture-free weight; Das et al. 2009 ), of cotton is Ϸ7.1Ð 8.5% while polyester Þber regain ranges from 0 Ð 0.4% (Brandrup and Immergut 1989) . This difference may positively inßuence resting behavior of female Ae. aegypti as they are commonly found in humid environments inside homes (Perich et al. 2000) .
In the current study, when black cotton and green polyester were evaluated simultaneously using the same treatment scheme (50% L:D in vertical conÞg-uration) greater overall resting occurred in the cotton treated hut despite matched environmental conditions (i.e., trials conducted on the same days). Laboratory studies using Ae. aegypti populations originating from Kanchanaburi, Thailand, have also shown similar results when green cotton and green polyester fabrics have been used in choice tests (Manda et al. 2011) . Combined, these results indicate that color is not the only variable driving resting behavior. Indeed, there are many other factors of fabrics that will inßu-ence tactile response and thereby resting to include whether the fabric is woven or knit, thread count, thread size (relating to thickness of cloth), and optical characteristics (cotton Þbers show double refraction when observed in polarized light, while polyester shares similarities of many thermoplastics, providing bright, shiny effects) (Mototada 1993) . Exploration of these variables were outside the scope of the current study but could be considered in future behavior evaluations as warranted.
Based on observations from upper and lower wall heights, more female Ae. aegypti populations were observed resting on lower portions of the wall as compared with upper portions when exposed to cotton fabric whereas against polyester, upper wall portions were preferred. These differences could be attributed to differences in overall indoor temperature and indoor humidity between experimental trials as studies were conducted during different months of the year. However, mean indoor humidity values were similar among all trials (cotton ϭ 65.9% RH; polyester ϭ 65.6% RH) and in fact, mean indoor temperature for cotton trials (cotton ϭ 22.3ЊC) was lower than that recorded during polyester experiments (polyester ϭ 27.8ЊC) that intuitively, might indicate that greater resting would be expected at lower portions of the wall when using polyester and the opposite when using cotton. In other words, the higher the indoor temperature, the more likely it might be to expect more resting at lower regions within the experimental hut. This assumption is based on previous observations that describe Ae. aegypti resting sites indoors (Schoof 1967 ) and those reported from laboratory studies using both Culex and Anopheles mosquitoes in which resting on lower portions of a test box that was cooler was preferred to that of the upper portion (Gjullin et al. 1963) .
It is possible that in the current study the potential for increased humidity levels along the microenvironment of the intersection between the wall and ceiling versus the wall and ßoor during polyester trials could have inßuenced results. Indeed, the relatively high mean resting counts (3.0 Ð 8.75) made from the ceiling during polyester trials supports such a theory. Unfortunately, environmental parameters were only measured from a central location inside each hut rather than along the wall surfaces so it is not possible to validate this theory using our datasets. Future experiments should integrate microclimate data collected from various positions within the evaluation area to better understand external behavioral drivers.
In this study, the mean hourly difference between outdoor and indoor temperature and indoor relative humidity were found to have no statistically signiÞcant inßuence on the mean number of Ae. aegypti resting for the majority of observation time points. However, for both cotton and polyester fabrics, less resting was observed overall during observation periods late in the day when mean temperature was highest and humidity lowest. It has been previously documented that environmental parameters such as temperature and humidity can inßuence movement patterns of Ae. aegypti mosquitoes (Schoof 1967 , Clements 1999 , Suwannachote et al. 2009 ). This information has operational signiÞcance to guide implementation of Ae. aegypti interventions targeting resting behavior. Effectiveness of such treatments may be greater during the early morning hours when resting is highest compared with late in the day when resting is lowest. This would require the surface area with chemical treatment to be assessable to vectors during peak resting time periods and may deÞne patterns of use. We were unable to record light intensity levels within the huts during experiments but these measures should be integrated into future studies to determine correlations between time and ambient light with Ae. aegypti resting.
Perhaps most pertinent to a push-pull strategy for Ae. aegypti control, a high number of resting observations were recorded against 25 and 50% dark coverages. As the strategy is focused on using minimal treatment coverage at targeted resting sites for a more cost-effective approach these Þndings are encouraging to support the ability to exploit mosquito behavior at reduced chemical levels inside homes. We recognize the conditions under which these studies were performed (experimental huts) may not match a realworld setting inside a local home in which competitive resting sites would be available (i.e., table, chair, bed frame, and so forth) thereby potentially resulting in artiÞcially high resting on wall surfaces. However, resting was also observed on the ceiling and ßoor (albeit at very low levels; data not shown) indicating that other resting sites were available and being used by test mosquitoes. In addition, there were sites such as upper eaves, within window and door frames, and so forth, that were more difÞcult to observe and therefore make measures. The study design selected was based on the experimental condition for which the evaluation for contact irritancy will be conducted for push-pull trials.
Lastly, observing resting behavior during the diurnal phase of activity when Ae. aegypti are presumably most active and more disrupted by the human observers could have attenuated results. The sampling scheme selected (06:00 Ð18:00 hours) represents a range of time for which multiple mosquito behaviors occur to include resting, ßying, and feeding. Despite humans being inside experimental huts in the current study, resting behavior was still observed. Most relevant to objectives of the research, we wanted to observe resting responses during a matched time period for which push-pull trials are planned to occur (i.e., 06:00 Ð18:80 hours). This represents diurnal periods when human activity might also be highest in and around local home environments and therefore highest probability of humanÐvector contact. A key component of a contact irritant approach is to force mosquitoes that have entered a treated space to escape before biting. This chemical effect may occur at any stage of the host-seeking process encompassing both diurnal and nocturnal time periods. The inclusion of evaluating the nocturnal resting behavior of Ae. aegypti could be integrated in future studies to enhance ecological datasets and determine changes in resting patterns.
Despite study weaknesses, these experiments have characterized Ae. aegypti resting patterns in response to untreated surfaces of two different fabrics (cotton and polyester), L:D surface area coverage ratios (25, 50, and 75%) and placement conÞgurations (vertical and horizontal). Ongoing studies will evaluate if these resting patterns are modiÞed when dark fabric surfaces are treated with irritant chemicals. It will be vital to determine if a shift in resting occurs to untreated Ôsafe-siteÕ surfaces (i.e., white fabric) or if ßying and escape behaviors are increased. The outcome of each of these scenarios will have different results in regards to reduction in virus transmission; the former a potential negative impact and the latter a positive impact. To date, our laboratory studies indicate that signiÞcant escape responses from a treated space occur after exposure to contact irritant-treated material at 25% coverage levels such that untreated sites are not signiÞcantly attenuating exit behavior (Manda et al. 2011 ).
In conclusion, Ae. aegypti resting behavior patterns remain poorly underexplored despite the role of vector ecology in developing novel disease control strategies. Knowledge of mosquito behavior is of prime epidemiological importance to understanding how vector control tools function and therefore making evidence-based decisions for disease management. Results from the current study will guide the fabric-treatment scheme in pushÐ pull experimental trials to elicit desired escape effects of a contact irritant element.
